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(57) ABSTRACT 

The present invention provide* a" mtujaaunic cleaning appa- 
ratus configured to provide effective cleaning, of a substrate 
without causing damage to the substrate. The apparatus 
includes a probe buying one nf a variety of crofts-sections 
configured in decrease the ratio of normal-incident waven Ui 
shallow-angle waves. Ooc such crass-section includes a 
channel running along a portion of the lower edge of the 
probe. Another cross- section include* a uariuw lower edgo. 
of Ibc probe. Another cxosa-suctbOO is elliptical. Another 
crosa -section includes transveree borea originating in the 
lower edge of the prctye. Ait an alternative to. or fa addition 
to, providing i probe having a crow-section other than 
circular, the present invention may also provide a probe 
having a roughened lower surface. 
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MlCGASflNTC PRODK ENERGY ATTENUATOR 

FIETX) OF THE INVENTION 

[0001] This invention relates to an apparatus for cleaning 
semiconductor wafers or Olfwr such item* requiring 
extremely high level a of cleanliness. More particularly, this 
lucgasonic probe energy attenuator relates to mc^a^onic 
c leaders configured lo prevent damans to delicate devices oa 
a Wafer. 

BACKGROUND OF TI1E INVENTION 

[0002] Semiconductor wafers are frequently cleaned in 
cleaning solution into which rnegasnm'c energy is pro pa- 
gated. Megasonic cleaning systems, which operate at a 
frequency over twenty times higher than ultrasonic, safely 
and effectively rutuove particles from materials without the 
negative aide effects associated wit!) ultrasonic cleaning. 

[0009] Megasonic energy cleaning apparatuses typically 
comprise a piezoelectric transducer coupled to a transmitter 
The transducer a electrically excited such that it vibrates, 
add the transmitter transmits high frequency energy into 
liquid in a processing tank. The agitation of the cleaning 
fluid produced by the megasonic energy loosens particles oa 
the semiconductor waters, Contaminants ire thus vibrated 
away from the surface* of the wafer. In one arrangement, 
fluid enters the wet processing container from the bottom of 
the tank and overflow* the container al the lop. Contami- 
nants may thus be removed from the tank through the 
overflow of the fluid and by quickly dumping the fluid. 

[0004] As semiconductor wufers have increased in diam- 
eter, iirat at 200 mm add now at 300 mm, the option of 
cleaning one wafer al a lime has become more desirable. A 
single large diameter wafer, liaving a multitude of devices ou 
it, is more valuable thau its smaller diameter counter pan. 
I .argcr diameter wafers therefore require greater care than 
that typically employed with batch clean iug of smaller 
wafers. 

[0005J vtrtcq, inc. of Santa Ana, Calif, bas developed in 
recent yean* a uiegosooic cleaner in which an elongated 
probe is positioned in close proximity to the upper surface 
of a horizontally mounted wafer. Cleaning solution applied 
to the wafer produces a meniscus between Ihc probe and the 
wafer, Megasonic energy applied In an end of the probe 
produces a series of vibrations of the probe along its length 
that arc directed towards the wafer through the meniscus. 
Producing relative moveuicul bctwwu the probe ami the 
wafer, such as by rotating the wafer, has been found to be an 
effective way to loosen particles over the entire surface of 
the wafer, causing them to be washed away from the routing 
wafer. An example of such an arrangement is illustrated in 
VS. Pat. No. 6,140,744. assigned to Vcrteq, Inc. the entirety 
of which is incorporated herein by reference. 

[0006] Such a system provides very effective cleaning. 
However, as the height and density of deposition layers on 
wafers have increased, so has the fragility of such wafers. 
Current cleaning methods including those u$ing the system 
of the '744 patent, can result in d&niaga to delicate device* 
on the wafers. Such damage in, of course, a serious issue, 
because uf the value of each wafer after layers of highly 
sophisticated devices have been deposited on the wafer. 
Thufc, a need exists to improve the cleaning capability of 



such a megasonic probe system ia a manner that will reduce 
the risk of damage to these delicate devices. 

[0007] Through testing, Vcrtcq, Inc. has determined that 
the extent of damage caused to each wafer is directly 
proportional to the power, or sonic watt density, applied to 
the probe. Dumagc can be reduced, then, by applying lower 
power Testing has also shown, however, that reducing 
power may not be the best solution to the wafer damage 
problem, because reducing applied power may also decrease 
the effectiveness of the pro be in cleaning the wafer, 

[0008] The most wafer damagx appears to result from 
waves that strike the wafer at a ninety-degree angle. But 
these waves do not necessarily clean the wafer any more 
effectively Waves that strike the wafer at more shallow 
angles still provide effective cleaning. Therefore, a modifi- 
cation to the device of the '744 patent that reduce* the 
number of normal waves without significantly reducing the 
number of more shallow waves would reduce the incidence 
of wafcx dauiagv without compromising the cleaning ability 
of the device. 

SUMMARY OF THE INVENTION 

[0009] inferred embodiments of the megasonic probe 
energy attenuator have several features, no single one of 
which is solely responsible for the desirable attributes of the 
megasonic probe energy attenuator. Without, limiting the 
scope, of the megasonic probe energy attenuator as expressed 
by the claims thai follow, its more prominent features will 
now be discussed briefly. After considering this discussion, 
and particularly after reading tha section entitled "Detailed 
Description of the Drawings," one will understand how the 
matures of the megasonic probe energy anemia lor provide 
advantages, which include efficient cleaning nf wafers with 
minimal or no damage to wafers, 

[0010] Preferred embodiments of the incgaoonic probe 
energy attenuator provide a megasonic cleaning apparatus 
configured lo provide effective cleaning d£ a substrate with- 
out causing damage lo the substrate, 'itkc apparatus includes 
a probe having one of a variety of cross-sections configured 
to decrease the ratio of normal-incident waves to shallow- 
angle waves. One such cross-section include* a channel 
running along a portion of the lower edge of the probe. 
Another cross-section includes a narrow lower edge of the 
probe. Another cross-section W elliptical. Another cross- 
section includes transverse bores originating in the lower 
edge of the prone. 

[0011 ] As an alternative to, Of W addition to, providing a 
probe having a cross-section other than circular, preferred 
embodiments of the megasonic probe energy attenuator may 
also provide a probe having a roughened lower surface. 

BRIEF DESCRIPTION OF TIIE DRAWINGS 

[0012] K10> 1 is a left-side elevation view of a prior art 
megasonic energy cleaning system; 

[0013] FIG, 2 is a left-side cross-sectional view of the 
system shown in FIG. 1; 

[0014] FTC 3 is an exploded perspective view of the 
probe assembly shown in FIG. 1; 

[0015] FTG. 4 is a Iron! schematic view of the probe of 
FIG* 1, illustrating the formation of a liquid meniscus 
between the probe and a silicon wafer; 
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[0016] FIG. 5^ is a left-side elevation view of ODC pre- 
ferred viubudiaKul of (bo tttcgasouic prot*; of I he undent 
invention; 

[0017] FIG. 5f> is s front elevation view of the mcgasornc 
probe of FIG. &z; 

[0018} FIGS. 6a-6g are front views of preferred cross- 
sectiunal shapes for tbc mcgasonic p/obe of the niegasonic 
probe energy attenuator^ 

[0019] FIG. 7a is a left -side cross -sectional view of 
ah of be r preferred embodiment of ibe mcgasonic probe of the 
mcgasonic probe energy attenuator; and 

[0020] FIG. lb is a bottom pUn view of the megasunic 
probe of FFG. 7a. 

DETAILED DESCRIPTION OF TI-IE 
PREFERRED EMBODIMENTS 

[0021] FIGS. 1-3 illustrate a megasonic energy cleaning 
apparatus, Qiadc in accordance with the *744 patent, with &□ 
elongated probe 104 inserted through tbo wall 100 of a 
processing lack 101, As seen, tbc probe 104 is supported on 
odc end outsido the container 101. A suitable O-ring 102, 
sandwiched between tbc probe 104 and tbc tank wall 100, 
provides a proper seal for the processing tank 101. In 
another arrangement in the above cited patent, the liquid is 
Sprayed onto too substrate, and the tank merety confines the 
spray. Il>c probe is not seuled to (be lank. A beat transfer 
member 134, contained within a homing J 20, is acoustically 
and mechanically coupled lo the probe 104. Also contained 
within the housing 120 is a piezoelectric transducer 140 
acoustically coupled to the heat transfer member 134, Stand 
off 141, and electrical connectors 142, 194, and 126 are 
connected between the transducer 140 and a source of 
acoustic energy (nut shown). 

[0022] The bousing 120 supports an inlet conduit 124 and 
an outlet conduit 122 fur coolant, and hast an opening 152 for 
electrical connectors 154 p and 126. The bousing 120 is 
closed by an annular plate 11 H with an opening 132 for the 
probe 104. Tbc plate 118 iu turn lk attached to the tank 101 . 

[0023] Within th* processing tank 101, a support or $u*j- 
ceptor 108 is post Honed parallel lo and in close proximity lo 
the probe 104, The susceplor 108 may take various forms, 
the arrangement illustrated including an outer rim 108a 
supported by a plurality of spokes 1086 connected to a hob 
108c supported on a shaft 110 r which extends through a 
bottom wall Of tbc processing tank 101. Outside the tank 
101, tbc shaft 110 is connected to a motor 112. 

[0024] The elongated probe 104 is preferably made of a 
relatively inert, non-cofuaminaLing material, such as quartz, 
which efficiently transmit* acoustic energy. While utilizing 
? quartz proho is satisfactory for most cleaning solutions, 
solutions containing hydrofluoric acid caa cteb quartz. Thus, 
a probe made of sapphire silicon carbide, boron nitride, 
vitreous carbon, glassy carbon coaled graphite, or other 
suitable materials may be employed inmead of quartz. Aim, 
quaxtx may be cualed by a material that can withstand HF 
such as silicon carbide or vitreous carbon. 

[0025] The probe 104 comprises, a solid, elongated, 
spindle-like or probe-likv dcauiut* portion 104a, and a buac 
or rear portico 1046, The ccoi&srccliuu of the probe 104 may 
be round aod advantageously, the diameter of the cleaning 



portion 1040 is smaller in diameter than tbc rear portion 
104£>. In a preferred embodiment the area uf the rear face of 
the rear portion 1046 is 25 timers that of the Up face of 
portion 104a. Of course, cross-seed onal shapes other than 
circular may be employed. 

[0026] A cylkdrically-shapcd rod or cleaning portion 
104a having a small diameter is desirable to concentrate the 
megasonic energy along the length of the probe 104d. The 
diameter of tbc rod 104a, however, should be sufficient to 
withstand mechanical vibration produced by the mega&ooic 
energy transmitted by the probe. r*referably, tbc radius of the 
rod 104a should be equal to or smaller than the wavelength 
of the frequency of the energy applied to it. This structure 
produces a desired standing surface wave action that directs 
energy radially into liquid contacting the probe. In effect, the 
rod diameter is expanding and contracting a minute amount 
at spaced location* along the length of the rod. In a preferred 
embodiment, the radius of the rod 104a is approximately 0.2 
inches and operates aL a wave length uf dbuut 0.28 inches. 
This configuration prodocca 3 to 4 wave lengths per inch 
a Song the probe length. 

[0027] The prone cleaning portion 104a is preferably long 
enough so thai the entire tturfxc *rci of the wafer 106 is 
exposed to the probe 104 during wafer cleaning. In a 
preferred embodiment, because the wafer is rotated beneath 
the probe 104, the length of tbc cleaning portion 1046 is 
preferably lung onougb to reach at least the center of the 
wafer 106. Therefore, as the wafer 106 is rotated beneath the 
probe 104, the entire surface area of the wafer 106 passes 
beneath tbc probe 104. The probe 104 could probably 
function satisfactorily even if it doe* not reach the center of 
the wafer 106 since mcgasonic vibration from the probe tip 
would provide some agitation towards the wafer center. 

[0028] Inc length of the probe 104 is also determined by 
a desired number of wavelengths. Usually, probe lengths 
vary in increments of half wavelengths of the energy apph'cd 
to tbc probe 1 04. Preferably the probe cleaning portion 104a 
includes three to four wavelengths per inch of the applied 
energy. In this embodiment, the length oT the probe cleaning 
portion 104a in inches is equal to the desired number of 
wavelengths divided by a number between three and four. 
Due to variations in transcrgoers, il i* necessary to tune the 
transducer 140 to obtain the desired wavelength, so thai il 
works at its most efficient point. 

[0029] 'lhc rear probe portion 104J\ which is positioned 
outside the tank 101, fibre* to a diameter larger than the 
diameter of the cleaning portion 1 04a. In the embodiment 
shown in FIGS. 1-3, the diameter of the rear portion of the 
probe gradually Increases to a cylindrical section 104<f. The 
large surface area at the end of the rear portion 104J is 
advantageous for transmitting a large amount of megasonic 
energy, which is then concentrated in the smaller diameter 
section 104a. 

[n030] *l"bc probe base 104J is acoustically coupled to a 
hea! transfer member 134, which physically supports the 
probe 104, The probe end face is preferably bonded or glued 
to the support by a suitable adhesive material. Id addition lo 
the bonding material, a thin metal screen 141, shown in PIG* 
3, is sandwiched between tile probe end aud the member 
134, The svrceu 141 with its small holes filkd with adhv&iw 
provide* a more permanent vibration councctiou ttiau that 
obtained wiLh the adhesive by itself. The screen utilized ii» 
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a prototype lrrangcmcnt was of (be expanded metul type, 
about 0.0Q2 inCbes thick with flattened strands defining 
pockets between Strands capturing the adhesive. As another 
alternative, the screen 141 uiay be made of a beryllium 
copper, about 0.001 inches thick, made by vinous compa- 
nies using chemical milling-processes, 'ihc adhesive 
employed ww parch ased from E. V. Roberts in Los Angeles 
and formed by & join identified as number 5000, and * 
hardener identified as number 61 . The scree a material is sold 
by a U.S. company, Oelkar. 

[0031] Tbc probe 104 can possibly be clamped or other- 
wise coupled to the beat transfer member 134 so long as the 
probe 104 is adequately physically supported and mcgaaonic 
energy is efficiently transmitted to the probe 104. 

[0032] Tbc neat transfer niwnb«r 134 is made- of alumi- 
num, or some other good conductor of beat and encgasooic 
energy, la the arrangement illustrated, the beat transfer 
member 134 is cylindrical and has an annular groove 136, 
which serve* u< a coolant dud large enough to provide an 
adequate amount of coolant tu suitably cool the apparatus. 
Smaller annular groove* 138, 139 on both sides of tbc 
coolant groove 136 are fitted with suitable Reals, such ax 
O- rings 135, 137 m isolate the coo] ml and prevent it from 
inldrCering with the electrical connections to the transducer 
140. 

[0033] The tiausduccr 140 is bonded, glued* or otherwise 
acoustically coupled to the rear flat surface of the beat 
transfer member 134. A suitable bonding material is that 
identified a& KCT 558. available from Ablestick of Raocho 
Dominguez, Calif. The transducer 140 is preferably diac 
shaped And has a diameter Urger than the diameter of tbc 
rear end of the probe section 104d lo maximize transfer <jf 
acoustic energy fruui tbv Usu&ducor 140 to the probe 104. 
The heal transfer member 134 is preferably gold-plated to 
pevvvnt oxidizing of the aluminum, thcTchy providing heller 
bonding with both the transducer 140 and the probe 104. The 
member 134 should have an axial thickness that is approxi- 
mately equal to an even number of wave lengths or half 
wave lengths of the energy to be applied to the probe 104. 

[0034] The transducer 140 and the heat transfer member 
134 are both contained within the housing 120 that is 
preferably cylindrical in shape. The heat transfer member 
134 is cavturcd within an annular recess 133 in an inner wall 
of the housing 120. 

[0035] The bousing 120 is preferably made of aluminum 
to facilitate heat transfer to the coolant. The (touting 120 baa 
openings 144 and 146 for the nutlet conduit 122 and die inlcl 
conduit 124 for the liquid coolant, ThS bousing 120 has an 
opening 152 in FIG, 3 for the electrical connection* 126 and 
154, seen in FIG. 2. Openings 148. 130 allow a gaseous 
purge to enter and exit the bousing 120. 

[003*] An open end of the housing 120 is attached to the 
annular plate 118 having rhc central opening 132 through 
which extends the probe rear vecliua 104d. The unmlUr plate 
118 has an outer diameter extending beyond the housing 120 
and has a plurality of holes organized in two rings through 
an inner ring of boles 131. a plurality of connector* 128, 
such as screws, extend to attach the plain 118 tu the housing 
120. The annular plate 118 is mounted to the tank Wall 100 
hy a plurality of threaded fastener* It 7 that extend through 
the outer ring of plate holes 130 and thread into the tank wall 



100, The fasteners 117 also extend through sleeves or 
spacers 116 that space the plate 118 from the tank wall 100. 
The spacers 11$ position the transducer 140 and flared rear 
portion 104k of the probe outside the tank 101 so that only 
tbc cleaning portion of the probe 104 extends into tbc tank. 
Also, the spacers 116 isolate the plate 118 and the housing 
120 from the lank 101 somewhat, so thai vibration from the 
boat transfer member 134, the housing 120 and the plate 118 
to the wait 100 is minimized. 

[0037] The processing lank 101 is mad* of material that 
docs not contaminate Ihu wafer 106, The tank 101 should 
have an inlet (not shown) for introducing fluid into the tank 
J 01 and an outlet (not shown) to carry away particles 
removed from the wafer 106. 

[0038] As tbc size of semiconductor wafers increases, 
rather than cleaning a cassette of wafer* at once, it is more 
practical and less expensive to use a cleaning apparatus and 
method that cleans one wafer al a time. Advantageously, the 
size of the probe 104 may vary in length depending on the 
size of the wafer to be cleaned. 

[0039] A semiconductor wafer 106 or other article to be 
cleaned is placed on the support 108 within the tank 101. 
The wafer 10ft* is positioned sufficiently close Lo tbc prube 
104 so that the agitation of the fluid between (he probe 104 
and the wafer 106 loosens particles on the surface t>f the 
wafer 106, Preferably, the distance between the probe 104 
and the surface of the wafer 106 is no greater than about 0.1 
inches. 

[0040] The motor 112 rotates the support 109 beneath the 
probe 104 so Ibat the entire upper surface of the wafer 106 
is sufficiently close tn the vibrating probe 104 to remove 
particles from the wafer surface. The rotation speed will 
vary depending upon the wafer size. For a 5" diameter water, 
however, preferred rotation speeds are from 5 to 30 revo- 
lutions per minute, and more preferably from 1 fi in 20 rpm. 

1 0041] As might be expected, longer cleaning limes pro- 
duce ckmer wafers. However, shorter cleaning time* 
increase throughput, thereby increasing productivity. Pre- 
ferred cleaning times with preferred embodiments of the 
fuegasonic probe energy attenuates uc from 5 seconds to 3 
minutes, and more preferably from 15 seconds to 1 minute. 

[0042] When tbc piezoelectric transducer 140 is electri- 
cally excited, it vibrates at a high frequency. Preferably the 
trarwduoar 140 is «n«rgizcd at rncgisonic frequencies with 
the desired wattage consistent with the probe size and work 
to be performed. Tbc vibration i» transmitted through the 
heat transfer member 134 und to the elongated probe 104. 
The probe 104 then transmits the high frequency energy in 
transverse waves into cleaning fluid between the probe 104 
and tbc wafer 106. One uf the significant advantages of the 
arrangement is that the large rear probe portion 104<f can 
accommodate a large transducer 140, and the smaller for- 
ward probe portion 104a concentrates tbc mcgasonic vibra- 
tion into a small area so as to maximize particle loosening 
capability. Sufficient fluid between the probe 104 and Ibe 
wafer 106 effectively transmits the energy across the small 
gap between the probe 104 and the wafer 106 to produce the 
desired cleaning. As each area of the wafer 106 approaches 
and passe* the probe 104, the agitation of the tluid between 
the probe 104 and the wafer 106 loosens particles on the 
semiconductor wafer 106. Contaminants are thus vibrated 
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away fn>m the wafer surface. The loosened particles may be 
carried away by * continuous fluid flow, 

[0043] Applying significant wattage l« the transducer 14ft 
generates considerable heat, which could damage the trans- 
ducer 144). Therefore, coolant pumped through the hous- 
ing 120 to cool the member 134 and, he etc c, the transducer 
134. 

[0044] A first coolant, preferably a liquid Mich as water, is 
introduced into one side of the housing 120, circulate* 
around the heal transfer member 134 and exits the opposite 
cod of the housing 12U. Because the beat transfer member 
134 h*? good thermal conductivity, significant quantities of 
beat may be easily conducted away by the liquid coolant. 
The rate of cooling can, of course, be readily altered by 
changing the flow rate and/or temperature of Ibc coolant. 

[0045] A second, optional, coolant circulates over the 
transducer 140 by entering and exiling the housing 120 
through openings 148, 1 SO on the closed end of Ihe housing 
120, or through a Single Opening. Due to the presence of the 
transducer 140 and ihc electrical wiring 154, an inert gas 
such as nitrogen is used as a coolant ox as a purging gas in 
Uii* portion of the bousing 120. 

[0046] In use, dc ionized wator or other cleaning solution 
may be sprayed onto the wafer upper surface from a nozzle 
214 while the probe 104 is acoustically energized. As an 
alternative to spraying the cleaning solution onto the wafer 
106 from a nozzle, 1hc tank 101 may be filled with cleaning 
solution. In the .ipray-on method, the liquid creates a menis- 
cus. 216 between the lower portion of the probe 104 and the 
adjacent upper surface of the rotating wafer 106, 'Ihe 
me discus 216, schematically ulustraled id FIG. 4, wci» a 
lower portion of the probe ctokk section. J be size of the arc 
defined by the welted portion uf the crutss -section varies 
according to the properties of the liquid used in (be Uvaning 
wd tut ion, the material used lo construct the pmbe 104, and 
the vertical distance between the wafer 106 and the lower 
edge of the probe 104. The vertical distance between the 
wafer 106 and the lower edge of the probe 104 i* preferably 
about one-half of Ibc wavelength of the Konic energy in the 
cleaning solution. Usiug dctonizvd water as the cleaning 
solution, a quartz probe 104, and a distance of 0.07CT 
between Ibe wafer 106 and the lower edge of the probe 104, 
the arc defined by the weiied portion of the probe cross- 
section is preferably about 90*. 

[0047] *lnc cleaning solution provides a medium through 
which the megasooic energy within the probe 104 is trans- 
mitted to the wafer surface to loosen particles. These loos- 
ened particles are Qushed away by the continuously Jltrwing 
spray and the rotating wafer 106. When the liquid flow is 
interrupted, a certain amount of drying action is obtained 
through centrifugal force, with the liquid being thrown from 
the wafer 106. 

[0048] Because the components present on a typical sili- 
con wafer are rather delicate, care must be taken during die 
cleaning process to ensure that none of these components are 
damaged. As the amount of power applied to the probe 104 
is increased, the amount of energy transferred from the 
probe 104 to the cleaning solution is increased, and the 
amount of energy transferred fmm the cleaning solution to 
the wafer lOA is also increased. Ax a general rule, t be greater 
ihc power applied to the wafer 106, the greater the prKentf.il 



for Wafer damage. Thus, one method nf decreasing wafer 
damage \* to decrease the power supplied to tbe transducer 
140, thereby limiting the power transmitted to the probe 104. 

[0049] As illustrated schematically in FIG. 4, the ZOce 

217 of greatest wafer damage is directly beneath the center 
of the cylindrical probe 104. 'Ihe radial pattarn of sonic wave 
emission from the probe 104 produces, this wafer damage 
pattern. For a circular probe cross- sec lion, wavca emanate 
radially fiuiii all puiuts. ou Hie tdrcfc at the transverse 
expansion area*. Th«r*for*, wsva» emanating from near the 
botlom of tbe circle strike Ibe wafer surface at or near a 
ninety-degree angle. These normal-incident waves strike the 
wafer surface with tbe greatest intensity, because Iheir 
energy is spread out over a minimal area. The concentration 
of energy n a relatively small area can damage delicate 
COfupOueutS On ihc wafer surface. 

[0050] Waves emanating from points along the circle that 
are spaced from the bottom strike the wafer surface at more 
shallow anglts. Tbe energy transferred to the wafer by these 
waves is less intense than tbe energy transferred by waves 
that emanate from al or near tbe bottom, because the energy 
from these waves is spread over a larger area. For each wave, 
the further from the bottom uf the circle it emanate*, the 
more shallow is the angle at which it strikes the wafer 
surface and, hence, the less intense is tbe energy transferred 
to the wafer 106. 

[0051] These shallow-angle waves generally provide suf- 
ficient intensity to effectively clean the wafer surface with- 
out causing the damage that is characteristic of norm al- 
ine idea I waves. Thus, one preferred embodiment of the 
mega sonic probe energy attenuator provides a probe 104 
thai increase* the motion produced by the shallow-angle 
waves lo that produced by the normal incident waves as 
compared to a probe 104 having a circular cross-section. 

[0052] One preferred method of Increasing this ratio is to 
provide a probe 104 having a Crctfat-Kectiuri that is not 
completely circular. This may be done by creating a channel 

218 in the underside of the probe 104, a* Known in FIGS. 
5a-3J>, 'Ihe probe cross-section thus is substantially circular 
but with a cutout in tbe lower portion, the cutout defining the 
channel 21ft extending along a portion of the probe lower 
edge. FIGS, 6a -6c illustrate preferred shapes ibr the chan- 
nel-cut. It wfll be understood by one skilled in the art that 
other channel shapes are possible, and the pictured examples 
are in du way intended to limit the Scope of coverage. 

[0053] The chanticl 218 is preferably centered on the 
lower portion of tbe probe 104, beginning at the free end of 
the probe 104 and terminating at a distance 1 from this end. 
The distance 1 is preferably equal to or greater than tbe 
radius of the wafer 106. Thus, with the free end of the probe 
104 located directly above tl>c wafer center, the channel 218 
extends at loast as far as the wafer edge. The width of each 
channel 218 is preferably about 2 miUimctcre, although a 
wide range of widths would be satisfactory. 

[0054] During the cleaning process, the cleaning solution 
fails to wet the entire lower surface of the channel -out probe 
104. Instead, a pocket of air is trapped in the upper portion 
of the channel 218. The transmission efficiency al the 
probe-air interface is extremely low a* compared to the 
probe-liquid interface. 'lfcus» megasonic energy that would 
otharwisa emanate from the upper portions of the channel 
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$. The assembly or claim l, wherein ihc rod has. * 
cross-action with a noncircuUr lower portion. 

9. A sonic probe assembly far cleaning a thin flat substrate 
comprising: 

a probe including an elongated rod to be positioned 
spaced from out closely udjacent to a flat surface of the 
substrate; 

a tranbdiicer coupled to a first end of tbe probe to apply 
Sot lie energy tu the rod so ax to vibrut* the rod and lo 
transmit the vibration through a meniscus of liquid 
between a lower portion of the rod and the substrate so 
as In loosen panicles on the substrate, said rod having 
means lo attenuate tbe coergy Ufansmilled to tho sub- 
sume from said edge, 

JO. An apparatus for cleaning a thin flat substrate, such as 
a semiconductor wafer, comprising: 

a support for the substrate; 

a transmitter of son jc energy positioned spaced from but 
closely adjacent to a flat surface of the substrate; 

a transducer coupled lo the transmitter to apply sonic 
energy to tbe transmitter so as CO vibrate the trans miner 
aDd to transmit tbe vibration through a meniscus of 
liquid bet ween a lower portion of the transmitter And 
the substrate so as to loosen particles on the substrate, 
a section of the transmitter being coo figured to attenu- 
ate tbe energy being transmitted to Oie substrate from 
the transmitter section. 



11. The assembly of claim to, wherein the transmitter bas 
ail elongated channel along said lowur section. 

12. The assembly of claim 10, wherein tbe traiuunitler 
section includes cutout* creatine * narrow lower edge on tha 
transmitter, 

13. The assembly of claim 10, wherein the transmitter 
section is roughened. 

14. A method of cleaning a thin flit substrate comprising 
tbe steps of: 

positioning, an elongated probe adjacent the substrate; 

applying liquid to the upper surface of the substrate to 
form a meniscus of liquid between the probe and the 
substrate; 

applying sonic energy to the probe to loosen panicles on 
the substrate; and 

attenuating the energy transmitted to the substrat© directly 
from the lower edge of the substrain, while not appre- 
ciably aiteouidrtg the transmission of energy adjacent 
the lower edge. 

15. Tbe method of claim 14, wherein said meniscus 
spreads outwardly from tbe rod creating normal Incident 
energy waves directly beneath the rod and shallow-angle 
waves spreading outwardly, said auenuatntg step comprises 
decreasing the liquid agitation produced by the normal 
incident waves relative to shallow-angle waves. 
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218 is prevented from doing so by the lack of ]iu.uid there. 
Tbc pattern of wave emission for each channel-cut probe 
1 04 is, thin* different from the standard radial pattern ^ecer- 
ated by the circular cross-section probe 104. 'JTk important 
consequence of this altered pattern is thai the particle 
loosening actrWly produced by nonn*l~inci0enl waves w 
reduced^ and so i* the wafer damage associated therewith. 
Wafer cleaning, however, remain* satisfactory. 

[0055] Another group of preferred probe cross-sectional 
shapes is illustrated in FIGS, 6tr-6g. The shapes of FIGS. 
64-6/ include cutouts 219, 223, 2Z5 on cither side of aloweT 
edge 221, 227, 229 and thus are substantially similar to ■ 
"T", with the lower edge of the probe 104 be tag very narrow 
as. compared to the upper portion. The shapes of toe cutouts 
in FIGS. Wo/ arc pk-shapcd 219, elliptical 225 and 
crooked pie-shaped 225. 

[0056] 'J^bc shape of FTC, 6g is substantially elliptical 
with a long axis of the ellipse being oriented vertically, and 
a short axis horizontally. A narrowest portion 231 of the 
ellipse cross-section (bus form* a lower edge of the probe 
104. As with thu channel-cut crots^ections just described, 
the pattern of megasonic wave emission from probes 104 
having these cross- set lions varies from the standard radiul 
pattern produced by the circular croAS-section probe 104. 
Specifically, these crOflS-secu'noK reduce the ratio of normal- 
incident waves to shel low -angle waves, This reduced ratio 
decreases wafer damage without significantly affecting 
wafer cleaning efficiency. 

[0057] Id an alternative embodiment, the probe 104 hav- 
ing an elliptical cross-section, shown in FIG, 6;, is oriented 
with its major axis horizontal and its minor axis vertical. In 
this configuration, the ratio of normal-incident waves to 
shallow-angle waves is incieawid. Tb« dcaniag power of the 
probe 104 is thus increased. 

[0058] A mm* preferred probe shape in illustrated in 
J*lOS. 1a*7b. The deaning portion of' this prtibe 1M i& 
substantially cylindrical with a number of transverse bores 
220 in the lower portion, the bores 220 extending frotu near 
the free end of the probe 104 toward the fi*cd end. The bores 
220 are substantially the same diameter and depth, extend- 
ing less than half-way through the probe 104, The wave- 
length of the megattonic energy in the probe preferably 
determines the longitudinal spacing of the bores 220. In a 
preferred embodiment, the Longitudinal distance between a 
center of one bore 220 and a Center of a neighboring bore 
220 is equal to one wavelength of the megasonic energy. 

[0059] The bores 220 in fact are a series of resonator cells, 
Due to multiple tc flection of ermr»d at the interfaces, between 
quartz and liquid, these cells dissipate sound energy within 
a certain bandwidth. The bores 220 thus act as a sort of 
bandwidth filter. The frequency range, and the amount of 
sound energy in this frequency range, to be isolated deter- 
mines the diameter and depth of the bores 220, In addition, 
as with the channels 218 in the cnannet-cm probe* 104, ihe 
bores 220 of this configuration trap air irxridc them. The 
trapped air niters the pattern o£ wave emission, reducing Ihe 
rMin of normal -incident wavca to ah allow -angle waves. As 
described above, this alteration reduce* wafer damage. 

[9060] Another preferred method of decreasing wafer 
damage while maintaining cleaning efficiency h* to provide 
u probe 104 having a roughened surface at the prnhc -liquid 



Feb. 6, 2003 



interface. The probe surface may be roughened by sand- 
blasting or chemical etching, for example. With a quartz 
probe, hydrofluoric acid work* particularly well for etching. 
The toughening dec teases the transmission efficiency al the 
probe- liquid interface, thereby decreasing the energy carried 
by the roegisoflic waves that strike the wafer upper surface, 

[00(1] Either the entire surface that forms the probe-liquid 
interface may be roughened, or only select portions of this 
surface may be roughened. One preferred embodiment pro- 
vides a probe 104 having a thin roughened strip along a 
central portion of the pmbe lower edge, with the balanco of 
the probe surface being substantially smooth- It will be 
understood by one of skill in the art that surface roughening 
may be employed with probes of any cross -sectional shape, 
including those described above and others, 

SCOrE OH THE INVENTION 

[0062] The above presents a description of the best mode 
contemplated for the megasonic probe ODcrgy attenuator, 
and of the manner and process of making and using it, in 
such fell, clear, concise, and exact terms as to enable any 
person skilled in the an tn which it pertains to make and use 
this megasonic probe energy attenuator. This megasonic 
probe energy attenuator is, however, susceptible to modifi- 
cations 3nd alternate constructions from that discussed 
above which are fully equivalent. Consequently, it is not the 
intention to limit this megasonic probe energy attenuator to 
the particular embodiments disclosed. On the contrary, the 
intention is tn cover all modifications and alternate construc- 
tions coming within the spirit and scope of th« megasonic 
probe energy attenuator as generally expressed by the fol- 
lowing claims, which particularly point out and distinctly 
claim ttie subject matter of me megasonic probe energy 
attenuator. 

What is claimed is: 

1. An Assembly for cleaning a thin flat substrate compris- 
ing: 

a pro be including an elongated rod to be positioned 
spaced from but closely adjacent tn a flat surface of the 
substrate; 

a transducer coupled to a first end of the probe to apply 
sonic energy to the rod so as to vibrate the rod and to 
transmit the vibration through a meniscus of liquid 
between a lower portion of the rod and the substrate w> 
as to loosen particles on the substrate, said rod lower 
portiou being configured to attenuate the energy being 
transmitted to the substrate from a lowermost edge of 
the rod. 

2. The assembly of claim J, wherein the rod has an 
elongated channel along said lower edge. 

3, Itic »sscmb)y »f claim 1, wherein the rod lower portion 
include*, cutouts creating a narrow lower edge on the rod. 

4, The assembly of claim 1, wherein the tod has a 
substantially elliptical cross-section with a major axis being 
positioned vertically when in use. 

5. 1 lie assembly of claim 1 , wherein the rod bas al least 
one transverse bore in said edge, 

6. The assembly of claim 5, wherein a depth of vud 
borc(s) is related tn a diameter of said probe. 

7. The ajfiternbly of claim 1, wherein the rod has a 
roughened lower edge. 
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